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Abstract 

A search is presented for gluinos decaying via the supersymmetric partner of the top quark using 
events with two same-sign leptons, jets and missing transverse momentum. The analysis is performed 
with 2.05 fb^ of integrated luminosity from pp collisions at ^ = 7 TeV collected by the ATLAS 
detector at the LHC. No excess beyond the Standard Model expectation is observed and exclusion 
limits are derived for simplified models where the gluino decays via the supersymmetric partner of 
the top quark and in the MSUGRA/CMSSM framework. In those scenarios, gluino masses below 
550 GeV are excluded at 95% CL within the parameter space considered, significantly extending the 
coverage with respect to existing limits. Depending on the model parameters, gluino masses up to 
750 GeV can also be excluded at 95% CL. 
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Supersymmetry (SUSY) '1h7i| is a theory beyond the 
Standard Model (SM) which predicts new bosonic part- 
ners for the existing fermions and fermionic partners for 
the known bosons. In the framework of a generic i?-parity 
conserving minimal supersymmetric extension of the SM 
(MSSM), SUSY particles are produced in pairs [!,§] and 
the lightest supersymmetric particle is stable, providing 
a possible candidate for dark matter. 

In SUSY models, the gluino is a strongly-interacting 
Majorana fermion. Pair-produced gluinos therefore have 
equal probability to produce a pair of leptons that have 
the same charge (same-sign, SS) and the opposite charge 
from their decays. The supersymmetric partner of the 
top quark (stop) has two mass eigenstates with t-^ being 
the lightest. Top quarks and t^ squarks can be produced 
in the decay of the gluino via gg -^ tttitl,tttltl,tttiti 
10Ml4|. The ii squark can further decay to the lightest 
chargino (xi ) or lightest neutralino (x?) via ti — >■ &Xi or 
ii — >• ixi producing isolated leptons in the semi-leptonic 
top quark decay or in the leptonic Xi decay and enriching 
the signal events with two or more leptons, jets and miss- 
ing transverse momentum (_E^'^^) from the undetected 
neutralinos. This analysis considers events with a pair 
of isolated SS leptons, multiple high-px jets and large 
^miss rp-j^g requirement of SS leptons in the event sup- 
presses the contribution from SM processes and thus en- 
hances the potential signal significance even for final state 
topologies with relatively soft jet kinematics. This article 
presents the first search for gluino-mediated stop produc- 
tion using the SS signature although other searches with 
SS leptons have been performed |15l4l8| . The analysis 
presented here complements the results of the ATLAS 
search based on single lepton plus &-jets [19|, enhancing 
the sensitivity in the experimentally difficult region near 
the kinematic limit for the production of two top quarks 
and a neutralino, and for the region with low stop masses. 

ATLAS is a general-purpose detector [20| at the LHC. 
This search uses pp collision data recorded from March 
to August 2011 at a center-of-mass energy of 7 TeV. The 



data set corresponds to a total integrated luminosity of 



2.05 ± 0.08 fb"^ [21|, 123 after the apphcation of data 



quality requirements. Events are selected using single 
lepton and dilepton triggers that have constant efficiency 
as a function of lepton px above the offline px cuts used 
in the analysis. 

Jets are reconstructed from three-dimensional 
calorimeter e nerg y clusters by using the anti-fct jet 
algorithm 23|, l2J| with a radius parameter of 0.4. The 
measured jet energy is corrected for inhomogeneities in, 
and for the non-compensating nature of, the calorimeter 
by using px- and //-dependent correction factors [25| . 
Only jet candidates with px > 20 GeV within \ri\ < 2.8 
are retained. Events with any jet that fails the jet qual- 
ity criteria d esig ned to remove noise and non-collision 
backgrounds [25| are rejected. 

Electron candidates are required to have px > 20 GeV, 
|ry| < 2.47 and satisfy the 'tight' selection criteria defined 
in Ref. [26J. They are also required to be isolated: the 
scalar sum of px of tracks within a cone in the i] — (f) plane 
of radius AR = 0.2 around the candidate excluding its 
own track, Sp^i must be less than 10% of the electron 
Pt- Muon candidates are required to have px > 20 GeV, 
\ri\ < 2.4 and are identified by matching an extrapolated 
inner detector track and one or more track segments 
in the muon spectrometer i27|. They must have longi- 
tudinal and transverse impact parameter within 1 mm 
and 0.2 mm of the primary vertex [28|, respectively, and 
SpT < 1.8 GeV. 

The calculation of E^^^^ [29] is based on the vec- 
torial sum of the px of the reconstructed jets (with 
Pt > 20 GeV and \ri\ < 4.5), leptons and the calorimeter 
energy clusters not belonging to reconstructed objects. 

During part of the data-taking period, a localized elec- 
tronics failure in the electromagnetic calorimeter created 
a dead region (Ajy x Acj) ~ 1.4 x 0.2). For jets in this 
region, a correction to their energy is made using the 
energy depositions in the neighbouring cells, and is prop- 
agated to E^^^^. If this correction projected onto the 



direction of the E™^'^^ is larger than 10 GeV or 10% of 
the E!^^^^, the event is discarded |30]. Events with recon- 
structed electrons in the calorimeter dead region are also 
rejected. 

Events in which the two highest-px leptons {£ = e, 
n) have the same charge and with at least four jets with 
PT > 50 GeV are selected. In addition, two signal regions 
are considered: SRI, which requires E^^^^ > 150 GeV; 
and SR2, which in addition requires tot > 100 GeV, 
where to-t is the transverse mass of the E^^^^ and 
the highest-pT lepton defined as to^ = 2p^E^^^^{l — 
cos{A(j){i,E^^^^)). This final tot cut helps reducing the 
ti background. The signal regions are optimized based 
on several models where SS dileptons are produced in 
gluino decays. In signals such as the MSUGRA/CMSSM 
(minimal supergravity or constrained minimal supersym- 
metric standard model) [3l|, [32 1, the directions of the 
lepton and Xi ^^^ strongly correlated as they originate 
from the decay of a common parent particle (usually Xi 
or the next-to-lightest neutralino, X2)- This leads to a 
softer Tot spectrum than that found in gluino-mediated 
stop signal models, where the lepton and the Xi originate 
from different parent particles and are thus uncorrelated. 

Simulated Monte Carlo (MC) event samples are used 
to aid in the description of the background and to model 
the SUSY signal. Top-quark pair and single-top produc- 
tion are simulated with MCONLO 33J , fixing the top-quark 
mass at 172.5 GeV, and using the next-to- leading-order 
(NLO) parton density function (PDF) set CTEq6.6 [3i| . 
Samples of H^-l-jets and Z-|-jets with both light- and 
heavy-flavor jets are generated with ALPGEN [35] and PDF 
set CTEQ6L1 [36|. The fragmentation and hadronization 
for the ALPGEN and MCONLO samples are performed with 
HERWIG '37], using JIMMY [38] for the underlying event. 
Samples oitiZ, tiW and tiWW (referred to as tt+X) are 
generated with MADGRAPH ^ interfaced to PYTHIA ^. 
The total LO cross section for these samples is 0.39 pb 
and is normalized to NLO using a iiT- factor of 1.3 41 1. 
Diboson samples are generated with HERWIG for W^W^ , 
WZ and ZZ processes and with MADGRAPH for W^W^qq 
processes. The total NLO cross section for the diboson 



background is 71 pb [42, |43| . SUSY signal processes are 
simulated for various models using HERWIG++ '37\ v2.4.2. 
The SUSY sample yields are normalized to the results of 
NLO calculations, as obtained using PROSPINO [iij v2.1. 
The CTEQ6 . 6M 45] parameterization of the PDFs is used. 
The tunings of the VIC parameters of Ref . [46] are used in 
the production of the MC samples, which are processed 
through a detector simulation 43] based on GEANT4 ^8\ . 
Effects of multiple proton-proton interactions per bunch 
crossing are included in the simulation. 

The SM backgrounds are evaluated using a combina- 
tion of MC simulation and data-driven techniques. SM 
processes that generate events containing jets which are 
misidentified as leptons or where a lepton from a b- or 
c-hadron decay is selected are collectively referred to as 



"fake-lepton" background. It generally consists of semi- 
leptonic ti, single top, H^-l-jets and strong light- and 
heavy-flavor jet production. The contribution from the 
"fake-lepton" background is estimated from data with a 
method similar to that described in Ref. 49|, |50[ by loos- 
ening the lepton identification and isolation criteria. For 
electrons the 'medium' criteria are used instead of the 
'tight' criteria [26|, and for both electrons and muons 
the isolation criterion is relaxed. The method counts the 
number of observed events containing loose-loose, loose- 
tight, tight-loose and tight-tight lepton pairs. The prob- 
ability of loose real leptons passing the tight selection 
criteria is obtained using a Z -^ £^£~ sample. The prob- 
ability of loose fake leptons to pass the tight selection 
criteria is determined as a function of the lepton px us- 
ing multijet control samples obtained by requiring two 
SS leptons and low i?™'^*'. Using these probabilities, re- 
lations are obtained for the observed event counts in the 
signal regions as functions of the numbers of events con- 
taining fake-fake, fake-real, real-fake and real-real lepton 
pairs. These can be solved simultaneously to estimate 
the number of background events [49|, |50|] . The results of 
the estimations have been validated with data in control 
regions obtained by reversing the E^^^^ or jet multiplicity 
cuts used in the signal regions. 

Background events from charge misidentification 
(dominated by electrons which have undergone hard 
bremsstrahlung with subsequent photon conversion) are 
estimated using a partially data-driven technique [16|. 
The probability of charge misidentification is calculated 
from MC and corrected by consideration of the number of 
events in data with SS electron pairs and invariant mass 
within 15 GeV of the Z-boson mass. This probability is 
applied to tt MC events producing e^f^ pairs to evaluate 
the number of SS events from incorrect charge assignment 
in each signal region. The probability of misidentifying 
the charge of a muon and the contributions in the signal 
regions from charge misidentification of Z/7*-|-jets and 
other SM backgrounds are negligible. 

Contributions from other SM background sources (di- 
boson and ti + X) are evaluated using the MC samples 
described above. In these processes, real SS lepton pairs 
are produced and their contribution to the signal regions 
can be described with MC. In particular, the contribu- 
tion from the experimentally unmeasured ti+X processes 
has been studied using several MC generators. The back- 
ground from cosmic rays is evaluated with data using the 
method in Ref. [l6| and its contribution is negligible in 
the signal regions. 

Systematic uncertainties are estimated in the signal re- 
gions for the background and the SUSY signal processes. 
The primary sources of systematic uncertainties in the 
background are the jet energy scale cahbration (35%), the 
jet energy resolution (10%), uncertainties on lepton and 
jet reconstruction and identification (5%), MC modeling 
and theoretical cross section uncertainties (40%-70%). In 



particular, the theoretical uncertainties on the cross sec- 
tion of the ti + X processes are found to be between 
35%-55% by varying factorization and renormalization 
scales and 25% due to PDF uncertainties. In addition, 
a 50% uncertainty is assigned qn_the if- factor used to 
obtain the NLO cross section 14 Ij. In the fake-lepton 
background estimation systematic uncertainties are as- 
signed to the probabilities for loose fake leptons to pass 
the tight selection. This accounts for potentially differ- 
ent compositions of the signal and control regions. These 
uncertainties vary in the 10%-80% range depending on 
the lepton px and are evaluated using data samples with 
jets of different energies. The absolute uncertainty for 
each background source is given in Table HI Systematic 
uncertainties on the signal expectations are evaluated 
through variations of the factorization and renormaliza- 
tion scales between half and twice their default values, 
and by including the uncertainty on a^ and on the PDF 
provided by CTEQ6. Uncertainties are calculated for indi- 
vidual SUSY processes. The total uncertainty varies in 
the 20%-40% range for the considered MC signals. Any 
correlations of the systematic uncertainties in signals and 
background are taken into account. 
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TABLE I: Number of expected SM background events to- 
gether with the number of observed events in data. The errors 
are a combination of the uncertainties due to MC statistics, 
statistical uncertainties in control regions and systematic un- 
certainties. Observed and expected upper limits at 95% con- 
fidence level on a^is = a x ex A, together with the ilcr errors 
on the expected limits are also shown. 
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Figure \T\ shows the distribution of the number of jets 
with pT > 50 GeV for events with 2 SS leptons, and 
the E^^^^ distribution for events with 2 SS leptons and 
at least four jets with px > 50 GeV. The contributions 
from all the SM backgrounds are shown together with 
their total statistical and systematic uncertainties. For 
illustration, the distribution for a signal obtained with 
the decay g — >■ ttxi in 99 pair-produced events with rrig ~ 
650 GeV and m^o = 150 GeV is also shown. The data 
are in agreement with the SM background expectation 
and once four jets of px > 50 GeV are required no event 
is observed with £;f '""^ > 150 GeV. 

Table H] shows the number of expected events in the 
signal regions for each background source together with 
the observed number of events. The expectation from the 



FIG. 1: Number of jets with px > 50 GeV for events with 2 
SS leptons (top) and the E^'^'' distribution for events with 2 
SS leptons and at least 4 jets with px > 50 GeV (bottom). 
Errors on data points are statistical, while the error band 
on the SM background represents the total uncertainty. The 
component labelled "Fake-lepton" is evaluated using data as 
described in the text. The component labelled "Z/7*-|-jets" 
is estimated from MC. No estimation of the charge mis-ID is 
included in the distribution. The component labelled "Signal" 
corresponds to a signal obtained with the decay g — >■ tixi via 



off mass-shell t {mi 



1.2 TeV) in gg pair-produced events 
150 GeV. 



with rria = 650 GeV and m^o 



SM is estimated to be less than one event for each signal 
region with no events observed in data. Limits at 95% 
confidence level (CL) are derived on the visible cross sec- 
tion CTvis = ax ex A where a is the total production cross 
section for any new signal producing SS dileptons, A is 
the acceptance defined by the fraction of events passing 
geometric and kinematic cuts at particle level and e is 
the detector reconstruction, identification and trigger ef- 
ficiency. For the signal shown in Figure [TJ the acceptance 
and efficiency are 1.5% and 55%, respectively. Limits are 
set using the CLs prescription, as described in Ref. [5l[. 
The results are given in Table HI 

The results obtained in SR2 are interpreted in a sim- 
plified model where gluinos are only produced in pairs, 
the stop (mi = 1.2 TeV) is heavier than the gluino, and 
only the gluino three-body decay g — >■ ttj(^ via an off- 
shell stop is allowed. Figure [2] shows the limit in the 
gluino-neutralino mass plane. For a gluino mass of 650 
GeV, neutralino masses below 215 GeV are excluded at 
95% CL. For a neutralino mass of 100 GeV, gluino masses 



below 715 GeV are similarly excluded. The —la uncer- 
tainty limit on the expected limit lies outside the range 
of the figure as a consequence of the low number of ex- 
pected signal events and a total signal uncertainty that 
reaches close to 50%. The results can be generalised in 
terms of production cross section upper limits at 95% 
CL for gg pair production processes with the produced 
particles decaying into iixi final states, as also shown in 
Figure El 
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FIG. 2: Expected and observed 95% CL exclusion limits in the 
g — >■ ttxi (via off mass-shell i, mi — 1.2 TeV) simplified model 
as a function of the gluino and neutralino masses, together 
with existing limits J^]. The — Icr limit lies outside the range 
of the figure. The production cross section upper limits at 
95% CL are also shown. 



The results in SR2 are also interpreted considering 
gluino pair production followed by the g — > tit decay. 
Only stop decays via ti — > 6x1 ^re considered with 
m-± ~ 2tovO and m^o — 60 GeV. Figure [3] shows the 

Xi Xi Xi 01—1 

exclusion limit as a function of gluino and stop masses, 
where gluino masses below 660 GeV are excluded at 95% 
CL for stop masses below 460 GeV. 

The results in SRI are interpreted within the 
MSUGRA-CMSSM framework in terms of limits on the 
universal scalar and gaugino mass parameters mo and 
mi/2, as shown in Figure ID These are presented for 
fixed values of the universal trilinear coupling parameter 
Aq = 0, ratio of the vacuum expectation values of the 
two Higgs doublets tan/3 = 10, and Higgs mixing param- 
eter /i > 0. In this model, values of mi/2 below 300 GeV 
are excluded at 95% CL for toq values below 750 GeV, 
and mi/2 values below 180 GeV are excluded over the 
entire mo region considered. These are equivalent to the 
exclusion of gluino masses below ^-^550 GeV independent 
of the squark mass (and gluino masses below ~750 GeV 
for squark masses below 1 TeV). 

In summary, a search for SUSY with two SS leptons, 
jets and missing transverse momentum has been per- 
formed using 2.05 fb"^ of ATLAS data. With no events 
observed in the signal regions, limits have been derived 
in the context of models where top quarks are produced 



57 650 

O 600 
^" 550 
500 
450 
400 
350 
300 
250 
200 



!-g production, g-*t^+t, t,->b+x 



atlaS 

" 2-leptonSS,4jets 
m-. = 60 GeV 
m-. = 2 m J 
» rri; 



Jl dt = 2.05 fb\\/s=7 TeV 



Obs. CL, 95% CL. limit 

Exp. CL^ 95% CL limit 

Expected limit ±1a 

1 lepton plus b-jets 2.05 fb"^ 



400 




550 600 650 



750 800 
Tig [GeV] 



FIG. 3: Expected and observed 95% CL exclusion limits in 
the g — >■ fit with fi — >■ bxf model as a function of the gluino 
and stop masses assuming that m,-± ~ 2m^o. The —la band 
lies outside the range of the figure. 
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FIG. 4: Expected and observed 95% CL exclusion limits in the 
MSUGRA/CMSSM (mo,mi/2) plane for ta^fl = 10, ylo = 
and /i > 0, compared to existing limits [53-[57|. 



in gluino decays and MSUGRA/CMSSM scenarios. In 
all these signal models, gluino masses below ^550 GeV 
are excluded at 95% CL within the parameter space con- 
sidered and gluino masses up to ~750 GeV are excluded 
at 95% CL, depending on the model parameters. The 
results of this analysis are complementary to and extend 
the current exclusion limits on the gluino mass beyond 
those from other ATLAS searches [Tg. Isil. [57 1 . 
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M. Morgenstern^^, M. Morii^'^, J. Morin^^, A.K. Morley29, G. Mornacchi29, S.V. Morozov^^, J.D. Morris'^^, 
L. Morvaj™", H.G. Moser9^ M. Mosidze^i*", J. Moss™^ R. Mount"2^ E. Mountricha^-^, S.V. Mouraviev^^ 
E.J.W. Moyse*^3^ M. Mudrinici2b^ f. Mueller^^^, J. Muelleri22^ K. Mueller20, T.A. MiiUer^^, T. Mueller^o, 

D. Muenstermann29, A. Muir^^^^ Y. Munwesi52^ -y^ j^ Murrayi28^ i Mussche™^, E. Musto^^'^'™!'", 

A.G. Myagkovi27, M. Myskai24, J. Nadal", K. Nagai^^^^ K. Nagano^^ A. Nagarkar™^ Y. Nagasaka^^, M. Nagel^^, 
A.M. Nairz29, Y. Nakahama29, K. Nakamurai^"^ rp Nakamurai54^ j Nakano™^ G. Nanava20, A. Napier^^o^ 
R. Narayan^^"", M. Nash™'^ N.R. Nation2i, T. Natterniann20, T. Naumann^^, G. Navarroi*5\ H.A. Neal^*^, 

E. Nebot™, P.Yu. Nechaeva'^^^ T.J. Neep*^i, A. Negri"«^'"«>^, G. Negri29, S. Nektarijevic4^ A. Nelsoni62^ 
T.K. Nelsoni42^ S. Nemeceki24^ p. Nemethy™^, A.A. Neponiuceno23a, M. Nessi29'^, M.S. Neubaueri64^ 
A. Neusiedl^°, R.M. Neves™^ P. Nevski24, P.R. Newmani'^, V. Nguyen Thi Hong^s^ R.B. Nickerson"^ 
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R. Nicolaidou^^s^ l Nicolas^^^, B. Nicquevert^^ , F. Niedercorn"-*, J. Nielseni^e^ T. Niinikoski^^ , N. Nikiforou^-* , 
A. Nikiforovl^ V. Nikolaenko^^T^ j^_ Nikolaev^"*, I. Nikolic-Audit^^ K. Nikolics'*^ K. Nikolopoulos^^, H. Nilsen'*^ 
P. Nilsson"^, Y. Ninomiya ^^^^ a. Nisatii^ia^ t. Nishiyama^^^ j^_ Nisius^^, L. Nodulman^, M. Nomachi"^, 
I. Nomidisi53^ M. Nordberg^^, P.R. Nortoni^s, J. Novakova^^s, M. Nozaki^s, L. Nozka"^ I.M. Nugcnt^^Sa^ 
A.-E. Nuncio-Quiroz^o, G. Nunes Hanninger^^ T. Nunnemann^'^, E. Nurse^^ B.J. O'Brien'^s^ S.W. O'Neale^"^'*, 
D.C. O'Neil"!, V. O'Shea^^^ L.B. Oakes^^ E.G. Oakham^^'^, H. Oberlack^^ J. Ocariz^^ A. Ochi^e, S. Odal^^ 
S. Odaka^s, J. Odier^^ H. Ogren™, A. Oh^^, S.H. Oh^*, C.C. Ohmi^Sa.wsb^ rp ohshimaioo, H. Ohshitai^^, 
S. Okada^e, H. Okawa^^^^ Y. Okumurai™, T. Okuyamai^^, A. Olariu^^^, M. Olcese^O'^, A.G. Olchcvski^^, 
S.A. Olivares Pino^i^, M. Oliveira^^Sa,/!^ ^ Oliveira Damazio^'^, E. Oliver Garcial*'^ D. Olivito"^, A. Olszewski^^, 
J. Olszowska^*, C. Omachi^s, A. Onofre^^Sa^y^ RU.E. OnyisP, C.J. Orami^Sa^ m.J. Oreglia^", Y. Oren^^'^, 

D. Orestanoi33a^i33b^ p^ Orlando^i^^^i'^, I. Orlovio^^ c. Oropeza Barrera^^, R.S. Orr^"^ b. Osculati^^'^'S"'', 
R. Ospanov"9, C. Osuna", G. Otero y Garzon^e, J.P. Ottersbachio"^ m. Ouchrifi34d^ e.A. Ouellettel6^ 

E. Ould-Saada"6^ A. Ouraou^^s, Q. Ouyang^^^, A. Ovcharovai"*, M. Owen^i, S. Owen^^s, V.E. Ozcani^a^ 

N. Ozturk"^, A. Pacheco Pages", C. Padilla Aranda", S. Pagan Griso^"*, E. Paganis^^®, E. Paige^"*, P. Pais*^, 
K. Pajchel"^ G. Palacinoi^*'', C.P. Paleari^, S. PalestinP, D. Pallin^s, A. Palma^^Sa^ j.d. Palmer^^, Y.B. Pan^^i, 
E. Panagiotopoulou'^, B. Panes^^'', N. Panikashvili^^ , S. Panitkin^"*, D. Pantea^^''-, M. Panuskova^^"*, V. Paolone^^^^ 
A. Papadelis^^''^, Th.D. Papadopoulou^, A. Paramonov^, D. Paredes Hernandez'^^ , W. Park^^'^, M.A. Parker^^, 
E. Parodi^°'''^°'', J.A. Parsons^'^, U. Parzefall"*®, S. Pashapour^"*, E. Pasqualucci^^^'", S. Passaggio^°'', A. Passeri^^^'", 
E. Pastorei33a,i33b^ p^_ Pastore^^ G. Pasztor 49.««, S. Pataraia^^^^ N. Patel^^a, J.R. Pater^i, S. FatTice\\i^°^'''^°^^ , 
T. Pauly29, M. Pecsy^^a^ m.L Pedraza Moralesi^\ S.V. Peleganchuki^s^ h. Peng^^^^ B. Penning^o, A. Penson^", 
J. Penwell^", M. Perantoni^^^, K. Perez^'*^'^'', T. Perez Cavalcanti'*\ E. Perez Codina^^®^, M.T. Perez 
Garci'a-Estan^^^, V. Perez Reale"^^, L. Perini^^'^'**'', H. Pernegger^^, R. Perrino'^^'', P. Perrodo'*, S. Persembe^'^, 
V.D. Peshekhonov64, K. Peters^^, B.A. Petersen^^, J. Petersen^^, T.C. Petersen^^, E. Petit'', A. Petridis^^^^ 

C. Petridoui53^ E. Petroloi^ia^ f. Petruccii^Sa.isab^ j^ PetschuU'^i, M. Petteni^i, R. Pezoa^i^^ A. Phan*^ 
P.W. Phillipsi28, G. Piacquadio29, A. Picazio^^, E. Piccaro^"^ ]yj_ Piccininii^'^'is'', S.M. Piec''^, R. Piegaia^^, 

D.T. Pignotti^"^, J.E. Pilcher^o, A.D. Pilkington*\ J. Pina^^^a.b^ ^_ Pinamonti^^^aaesc^ A. Pinder""^, J.L. Pinfold^, 

J. Ping32c^ g Pintoi23a^ Q. Pirotte^^, C. Pizio^^'^'^*'', M. Plamondoni^s, M.-A. Pleier^^, A.V. Pleskach^^^^ 

E. Plotnikova^'', A. Poblaguev^", S. Poddar^^'', E. Podlyski^^, L. Poggioli""*, T. Poghosyan^", M. Pohl'^^, E. Polci^^ 

G. Polesello"^'^, A. Policicchio^e^^seb^ A. Polini^^^, J. PolF'', V. Polychronakos^", D.M. Pomarede^^s^ j^ Pomeroy22, 

K. Pommcs^'', L. Pontecorvo^^^'", B.G. Pope^'^, G.A. Popeneciu^'''', D.S. Popovic^^'", A. Poppleton^'^, 

X. Portcll Bucso29, C. Posch^i, G.E. Pospelov^^, S. Pospisil^^e, I.N. Potrap9^ C.J. Potter^^s, C.T. Potter"^^ 

G. Poulard^^, J. Povedai'^\ V. Pozdnyakov^", R. Prabhu^^^ p Pralavorio^^^ A. Pranko^'^, S. Prasad^^, R. Pravahan"^, 

S. PrelF, K. Pretzl^s, L. PribyP, D. Price^", J. Price^^ L.E. Pricc^ M.J. Price^^, D. Prieuri22^ M. Primavera^^'', 

K. Prokofiev^""^, E. Prokoshin^^'^, S. Protopopescu^^, J. Proudfoot''', X. Prudent^'^, M. Przybycien'^^, 

H. Przysiezniak'^, S. Psoroulas^o, E. Ptacek"^^ E. Pueschel*^^ J. Purdham*^ M. Purohit^^.^, p. Puzo"'', 

Y. Pylypchenko62, J. Qian^^ Z. Qian^^ Z. Qin^i, A. Quadt^", D.R. Quarrie^'', W.B. Quayle'", E. Quinonez^i^, 

M. Raasl°^ V. Radescu'^S B. Radics^o, P. Radloff"^, T. Radori*'', E. Ragusa^*^''-*^'', G. Rahal'^^ A.M. Rahimil°^ 

D. Rahm^^, S. Rajagopalan^^, M. Rammensee'** , M. Rammes''*", A.S. Randle-Conde^^, K. Randrianarivony^*, 
P.N. Ratoff™, E. Rauscher^^, T.C. Rave''^, M. Raymond^^, A.L. Read"^^ D.M. Rebuzzi"^^^"^'', A. Redelbach"^ 
G. Redlinger^'*, R. Reece^^^, K. Reeves'*^, A. Reichold^°^, E. Reinhcrz-Aronis''''^, A. Reinsch^''^, I. Reisinger**^ , 

C. Rembser29, Z.L. Ren'^", A. Renaud"'', M. Rescignoi^ia^ s. Resconi^^a^ B. Resende'^s, p. Reznicek'^^ 

R. Rezvani'"^ A. Richards^^, R. Richter9^ E. Richter-Was'''"^ M. RideF^, M. Rijpstra'°'', M. Rijssenbeek""^, 

A. Rimoldi"^^^"^'', L. Rinaldii^^, R.R. Rios^^, I. Riu", G. Rivoltella*^^'**'', E. Rizatdinova'", E. Rizvi^", 

S.H. Robertson*'' ^^, A. Robichaud-Veronneau"'^, D. Robinson^'^, J.E.M. Robinson"^^, A. Robson^^, 

J.G. Rocha de Limai"^^ C. Rodai2ia,i2ib^ j^ ^^^^ p^g Santos^^, D. Rodrigucz'^i, A. Roe^", S. Roe^^, O. R0hne"6^ 

V. Rojoi, S. RoUi^'^o, A. Ronlaniouk9^ M. Romano^^'^'i^'', V.M. Romanov^", G. Romeo^e, E. Romero Adami^^^ 

L. Roos^"^, E. Ros^^s, S. Rosati^^ia^ j^ Rosbach'*^ A. Rose"*, M. Rose^^ G.A. Rosenbaum'"^ E.I. Rosenberg^^^ 

P.L. Rosendahli3, O. Rosenthal"", L. Rosselet''^, V. Rossetti", E. Rossi^^ia.iaib^ ^ p_ Rossi^"'^, M. Rotaru^^^, 

I. Rothi™, J. Rothberg"7^ D. Rousseau"", C.R. Royon^^s^ A. Rozanov*2, Y. Rozen^^S X. Ruan^^a.'^rf, p. Rubbo", 

I. Rubinskiy"!, B. Ruckert^^, N. Ruckstuhli""^ y.I. Rud^^ C. Rudolph''^, G. Rudolph^i, E. Riihr^, 

E. Ruggierii33a,i33b^ A. Ruiz-Martincz6-\ V. Rumiantsev^"^*, L. Rumyantsev^", K. Runge"**, Z. Rurikova"*, 

N.A. Rusakovich^", J.P. Ruthcrfoord^ , C. Ruwiedel", P. Ruzicka^^*^ Y.E. Ryabov^^o^ y Ryadovikov^^^^ p. Ryan*"^, 
M. Rybar'25, G. Rybkin"", N.C. Ryder"^, S. Rzaeva^", A.E. Saavedra"^, I. Sadch'''^^^ H.E-W. Sadrozinski^^e^ 
R. Sadykov^", E. Safai Tehrani'^ia^ h. Sakamoto's", G. Salamanna^", A. Salamon^^sa^ m. Saleem"o, D. Salek^^, 

D. Salihagic^*, A. Salnikov'"^ J. Salt^^e^ b.M. Salvachua Eerrando^, D. Salvatore^^^^seb^ p_ Salvatore'"*, 

A. Salvucci"°3, A. Salzburger^^, D. Sampsonidis'^^^ B.H. Samset"^ A. Sanchez^""'!"!'', V. Sanchez Martinezi^e, 
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H. Sandakeri3, H.G. Sander^o, M.P. Sanders^^ M. Sandhoff"^^ T. SandovaP^, C. Sandoval ^^^ , R. Sandstroem^s, 

S. Sandvoss^^^^ D.P.C. Sankey^^s^ p^ Sansoni'*^ C. Santamarina Rios*^ C. Santoni^^, R. Santonicoi32a,i32b^ 

H. Santos^^^^, J.G. Saraiva^^^**, T. Sarangi^'^\ E. Sarkisyan-Grinbaum"^, F. Sa.vii^'^^'^'^'^^^ , G. Sartisohn^'^^, 

O. Sasaki^s, N. Sasao^^, I. Satsounkevitchss, G. Sauvage", E. Sauvan-*, J.B. Sauvan"-*^ r Savard^s^.d^ 

V. Savinovi22, D.O. Savu^^, L. Sawyer^"*'', D.H. Saxon^s, J. Saxon"^, L.P. Says^s, C. Sbarra^9% A. Sbrizzii^^^i^b^ 

O. Scallon92, D.A. Scaniiicchioi*^^^ M. Scarcella^-^^ J. Schaarschmidt"^^ r Schacht^^, D. Schaefer"^, U. Schafer^^ 

S. Schaepe^o, S. Schaetzel^sb^ ^^ Schaffer""^ D. Schaile^^ R.D. Schambergeri^^, A.G. Schamovi"^^ V. Scharf^s^ 

V.A. Schegelskyi2", D. Scheirich^e, M. Schcrnaui^s^ M.I. Scherzer^^, C. Schiavi^o^'SOb^ j Schieck^^, 

M. Schioppa36a^36b^ g Schlenker29, J.L. Schlcrcth^, E. Schmidt^s, K. Schmieden^", C. Schmitt^o, S. Schmitt^*'', 

M. Schmitz^o, A. Schoning^^'^, M. Schott^^, D. Schouteni^*^^, J. Schovancovai24^ M. Schram*"*, C. Schroeder^o, 

N. Schroer58'=, G. Schuler^^, M.J. Schultens^o, J. Schultes^^^^ H.-C. Schultz-Coulon^S'^, H. Schulz^s, 

J.W. Schumacher^", M. Schumacher''*, B.A. Schumm^^®, Rh. Schune^'^^, C. Schwanenberger*^, A. Schwartzman^'*^, 

Rh. Schwemhng"^^, R. Schwienhorst*"^, R. Schwierz'*^, J. Schwindhng^^s^ rp Schwindt^", M. Schwoerer'', G. Sciolla^^, 

W.G. Scotti28, J. Searcy"3^ G. Sedov^i, E. Sedykhi^o, E. Segura", S.C. Seidelio^, A. Seiden^e, F. Seifert^s, 

J.M. Seixas23^ G. Sekhniaidzei°i^, S.J. Sekula^^, K.E. Selbach^^, D.M. Sehverstoyi^o, B. Sellden^sa^ q_ Sellers^^ 

M. Seman"3b^ n_ Semprini-Ccsarii^'^'i^'^, C. Scrfon^^, L. Serin""^ l. Serkin^^^ j^_ Seuster^^, H. Severini"", 

M.E. Sevior^s, A. Sfyrla^^, E. Shabahna^"*, M. Shamim"^^ L.Y. Shan32a, J.T. Shank^i, Q.T. Shao*^ M. Shapiro", 

RB. Shatalov94, L. Shaver^, K. Shawi63a,i63c^ ^ Sherman^^^^ P. Sherwood^^ A. Shibata^o^ H. Shichiioo, 

S. Shimizu29, M. Shimojima^^^ t. Shin^^^ M. Shiyakova^*, A. Shmeleva^^, M.J. Shochet^o, D. Short"^ 

S. Shrestha^s, E. Shulga9^ M.A. Shupe^, P. Sicho^^*, A. Sidoti^^ia^ F. Siegert^^^ Dj. Sijacki^^a^ Q. Silberti^o, 

J. Silvai23a^ Y. Silvcri^^ D. Silverstein"^ S.B. Silverstein"^^, V. Simak^^e, Q. Simard^s^ Lj. Simic^^^^ 

S. Simion"4^ b. Simmons^^ R. Simoniello«8a,88b^ j^^ Simonyan^s, P. Sinervoi", N.B. Sinev"3^ y. Sipica^^o, 

G. Siragusa^^^ A. Sircar^*, A.N. Sisakyan^*, S.Yu. Sivoklokov^^ J. Sjohn^^^'^^b^ r^ ^ Sjursen^^, L.A. Skinnarii^, 

H.P. Skottowe", K. Skovpenio^^ P. Skubic"", N. Skvorodnev^^, M. Slater^^ T. Slaviceki^e^ K. Shwa^eo^ j. Sloper^^, 

V. Smakhtini™, B.H. Smart^s, S.Yu. Smir^ov9^ Y. Smirnov^^, L.N. Smirnova^^^ q. Smirnova^^, B.C. Smith", 

D. Smith"^ K.M. Smithes, M. Smizanska™, K. Smolek^^e^ A.A. Snesarev^^, S.W. Snow*^i, J. Snow"", 

J. Snuvcrinki°4^ S. Snyder^*, M. Soares^^Sa^ ^i. Sobiei^s^J, J. Sodomka^^e, A. Sofferi^^ C.A. Solans^se, M. Solar^^e^ 

J. Solci26, E. Soldatov"^ U. Soldevilai^e^ E. Solfaroh Camilloccii^ia.isib^ A_A Solodkov^^^^ O.V. Solovyanoyi^^^ 

N. Soni2, V. Sopkoi26^ B. Sopko^^e, M. Sosebee^ R. Soualahi^sa.ieac^ p^ Soukharevi"^^ S. Spagnolo^i^'^i*^, 

F. Span6^^ R. Spighi^"^, G. Spigo^^, F. Spila^i^'^ib^ j^ Spiwoks^", M. Spousta^^s^ T. Spreitzer^", B. Spurlock^ 

R.D. St. Denises, J. Stahlman"", R. Stamen^*^, E. Stanecka^*, R.W. Stanek^ C. Stanescu"3a^ 

M. Stancscu-Bellu"*!, S. Stapnes"^ E.A. Starchcnko^^^^ J. Stark^^, R Staroba^^*, R Starovoitov"", A. Staudc"^ 

P. Stavinai43a^ G. Steele^^^ P. Steinbach^a, P. Steinberg^^, I. Stekl^^e^ B. Stelzer^^i, H.J. Stelzer^^ 

O. Stelzer-Chihonissa^ H. Stenzel^^^ S. Stcrn"^ K. Stevenson^*, G.A. Stewart^", J.A. StiUings^", M.C. Stockton^^^ 

K. Stoerig48, G. Stoicea^^^, S. Stonjek"^ P. Strachota^^s, A.R. Stradhng^, A. Straessner^^, J. Strandberg"^ 

S. Strandbergi45^445b^ p^ Strandhe"^ M. Strang^"*^ E. Strauss^^s^ M. Strauss"", P. Strizenec^^ab^ r_ Strohmeri^^ 

D.M. Strom"3^ J.A. Strong^^-*, R. Stroynowski^", J. Strubc^^s, B. Stugu", I. Stumer^^^*, J. Stupak^''^ 

P. Sturmi^3^ p^ A_ Styles'*!, pj^ Sohi^o,"^ D. Sv^^'^ , HS. Subramania^, A. Succurro", Y. Sugaya"^ 

T. Sugimoto*"", C. Suhri"5, K. Suita^e, M. Suk^^s, V.V. Sulin"^, S. Sultansoy^^, T. Sumida'^^ X. Sun5^ 

J.E. Sundermann^s, K. Suruhz^^s, S. Sushkov", G. Susinno^^'^'Seb^ ^[_^_ Sutton^^s, Y. Suzuki^^, Y. Suzuki^e, 

M. Svatosi24, Yu.M. Sviridoyi^^^ S. Swcdish^e^, I. Sykora^^Sa^ r^ Sykora^^s, B. Szeless^", J. Sanchezi^e^ D. Ta*"'', 

K. Tackmann^i, A. Taffardi62, R. Tafirouti''^*'', N. Taiblumi^a^ Y. Takahashii"", H. Takai^*, R. Takashima^*, 

H. Takeda^s^ ^ Xakeshitai^^, Y. Takubo^s, M. Talby^^ A. Talyshevi"^'/, M.C. Tamsett^^, J. Tanaka^^'', 

R. Tanaka""*, S. Tanaka^^o^ g Tanaka^^, Y. Tanaka"^, A.J. Tanasijczuki"*!, K. Tani^e, N. Tannoury*^ 

G.R Tappcrn^", S. Tapprogge*", D. Tardifi", S. Tarem^^i, F. Tarrade^*, G.F. Tartarelh^s^, P. Tas^^s, 

M. Tasevskyi24^ r. Tassi^^a-seb^ ]^_ Tatarkhanovi", Y. Tayalati"4d, C. Taylor^^^ p_E_ Taylor"^, G.N. Taylor^^, 

W. Taylor^^s*^, M. Teinturier"*, M. Teixeira Dias Castanheira^"*, P. Teixeira-Dias'^^ K.K. Temming^^, 

H. Ten Kate^^, P.K. Tcngi^", S. Terada^^, K. Terashii^*, J. Terron^^, M. Tcsta*^, R.J. Teuscheri"'^ 

J. Thadome^'^^ J. Thcrhaag^", T. Theveneaux-Pelzer^'^, M. Thioye^^^, S. Thoma4^ J.P. Thomas*'^, 

E.N. Thompson^", P.D. Thompson^^ R.D. Thompson*", A.S. Thompson^^, L.A. Thomsen^^, E. Thomson"^, 

M. Thomson27, R.p. Thun^e, F. Tian^^, M.J. Tibbetts**, T. Tic^^*^ y.O. Tikhomirov^^, Y.A. Tikhonovi"^'/, 

S Timoshenko9^ P. Tipton*'^-*^ p j ^ique Aires Viegas^^, S. Tisserant*^^ B. Toczck", T. Todorov^, 

S. Todorova-Nova*'^", B. Toggerson*^^ J. Tojo^^ S. Tokar^^^^a^ k. Tokunaga^^ K. Tokushuku^^, K. ToUefson", 

M. Tomoto*"", L. Tompkins^", K. Tomsi"2, G. Tong32a^ A. Tonoyani3, C. Topfel*^, N.D. Topilin^*, L Torchiani^^, 

E. Torrence*"^ H. Torres"^^, E. Torro Pastor^^^ J. Toth^^.aa^ p Touchard*^ D.R. Tovey^^s, T. Trefzger^^^ 

L. Tremblet29, A. Tricoh^^, LM. Trigger^^*^, S. Trincaz-Duvoid^'^, T.N. Trinh^'^, M.F. Tripiana*^^, W. Trischuk*", 
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A. Trivedi^^'^, B. Trocme^^^ C. Troncon^^'^, M. Trottier-McDonald^i, M. Trzcbinski^s, A. Trzupek^^, 

C. Tsarouchas^^, J.C-L. Tseng"^, M. Tsiakiris^^'', P.V. Tsiareshka^^, D. Tsionou'^'"^ G. Tsipolitis^ 

V. Tsiskaridzc*^ E.G. Tskhadadze^i^, LI. Tsukerman^^, V. Tsulaia", J.-W. Tsung^o, S. Tsuno^s, D. Tsybycheyi^T^ 

A. Tua"8, A. Tudorache^sa^ y. Tudorache^s^, J.M. Tuggle^o, M. Turala^*, D. Tureceki^e^ i. Turk Cakir3<=, 

E. Turlayi"-*^ r. Xurra^^a.ssb^ pj^j_ Tuts^^, A. Tykhonov'^^^ ^_ Tylmadi^'-'^^'i'*^'', M. Tyndel^^s, G. Tzanakos^, 

K. Uchida^o, I. Uedai54^ R. Ueno^^, M. Ugland", M. Uhlenbrock^o, M. UhrmacherS^, F. Ukegawal5^ G. Unal^^, 

D.G. Underwood^ A. Undrus^^, G. Unel^^^^ Y. UnnoS^ D. Urbaniec^^, G. Usai^, M. Uslenghi"8a,ii8b^ 

L. Vacavant^^ V. Vaceki^e, B. Vachon^^, S. Vahseni"*, J. Yalenta.^^^, P. Valente^^ia, S. Valentinettii^^'i^'^, 

S. Valkari25, E. Valladolid Gallegoi^e^ S. Vallecorsai^i, J.A. Vails Ferreri^e, H. van der Graafio", 

E. van der Kraaij^o^^, R. Van Der Leeuw^o^^, E. van der Poel^"^, D. van der Ster^^, N. van Eldik*^^ 

P. van Gemmeren^, Z. van Kesteren^"'*, I. van Vulpen^*^"*, M. Vanadia^^, W. Vandelli^^, G. Vandoni^^, 

A. Vaniachine^, P. Vankov'^^, F. Vannucci^'^, F. Varela Rodriguez^^, R. Vari^^^^, E.W. Varnes^, T. Varol^^, 

D. Varouchas^'*, A. Vartapetian^, K.E. Varvell^"*^, V.I. Vassilakopoulos^®, F. Vazeille'^^, T. Vazquez Schroeder^"*, 
G. Vegni^S'^'SSb^ j j Veilleti", C. Vellidis^ F. Veloso^^Sa^ r. Veness^^, S. Veneziano^ia^ A. Ventura^i'^'^i^, 

D. Venturai37^ M. Vcnturi'*^ N. Vcnturii^^^ y. Vercesi"^'', M. Verducci"^ W. Vcrkerke^O'', J.C. Vermeulenio*^ 

A. Vest^^^ M.C. Vetterlii4i.<i, I. Vichoui^*^ t. Vickey"4b,a/^ q.E. Vickey Boeriu"'"', G.H.A. Vichhauser"^ 

S. Vieli67^ M. Villais^'i^'', M. Villaplana Perezi^e^ E. Vilucclii47, M.G. Vincter^^ E. Vinek^^, V.B. Vinogradov^^, 

M. Virchaux"5.*^ j. yirzi", O. Vitells^™, M. Viti^i, I. Vivarelli^s, F. Vives Vaque^, S. Vlachos^, D. Vladoiu^^, 

M. Vlasaki26^ N. Vlasov^o, A. Vogepo, P. Vokaci^e^ G. Volpi-*^, M. Volpi^^ G. Volpini^Sa, jj ^^^ j^^. Schmitt^^, 
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